Background: Levofloxacin has established efficacy and safety in the treatment of community-acquired pneumonia (CAP) in adults, and its use as an alternative therapy for children with CAP has been proposed. Objective: Assess the clinical efficacy and safety of levofloxacin compared with standard of care antibiotic therapy in the treatment of CAP in children aged 6 months to 16 years.
B
acterial pneumonia is an important cause of morbidity and mortality in children. 1 The emergence of drug resistance among bacteria that commonly cause these infections, especially Streptococcus pneumoniae, has raised concern about the need for alternative antibiotics to treat children with pneumonia. In adults, fluoroquinolones, including levofloxacin, have been established as effective therapy for patients with bacterial pneumonia. Levofloxacin's broad spectrum of activity includes the leading bacterial and atypical pneumonia pathogen causes of community-acquired pneumonia (CAP), including penicillin-and macrolide-resistant pneumococci. Recent assessment of levofloxacin activity against pneumococci underscores that levofloxacin remains active against these bacteria and thus potentially a valuable alternative therapy to treat children with CAP, as antibiotic resistance in pneumococci becomes more prevalent.
Fluoroquinolones, including levofloxacin, have not been used extensively to treat children because of concerns about the safety of these agents in this population, and levofloxacin is not approved for use in children. The basis for this concern is the observation that juvenile laboratory animals given single or multiple large doses of these agents develop lesions in cartilage, typically in weight-bearing joints. However, published, retrospectively reviewed experience over the past 15 years on the use of fluoroquinolones to treat children for a variety of serious infectious diseases suggests that the adverse events associated with fluoroquinolones in children are similar to those reported in adults. 2 Consensus statements and opinions expressed by experts in the field of pediatric infectious diseases suggest that fluoroquinolones have been used safely and effectively to treat specific infections in children and may be considered as alternative therapy in serious infectious diseases. present study was to assess the clinical efficacy and safety of levofloxacin compared with "standard of care" antibiotic therapy in the treatment of CAP in infants and children (0.5-16 years).
METHODS
Design. This was a randomized (3:1, levofloxacin:comparator), open-label, active-comparator, noninferiority, multicenter study conducted at 43 centers in 7 countries (Argentina, Brazil, Chile, Costa Rica, Mexico, Panama, and United States) from August 2002 to June 2004. The study protocol was approved by the Ethics Committee or Institutional Review Board for each center. Informed consent was obtained from parents or guardians of the patient and informed assent was obtained from patients Ͼ6 years old. A Data Safety Monitoring Committee (DSMC) was established to monitor for any potential safety risks in children participating in this trial.
Patients. Male and female children 0.5-16 years old with a clinical diagnosis of CAP in a hospital or outpatient setting were eligible to participate in the study. A diagnosis of CAP was defined as radiographic evidence of pulmonary infiltrate consistent with acute infection requiring antibiotic therapy, and the presence of 2 or more of the indications of pneumonia: fever (rectal or oral temperature Ն38°C for children Ͼ2 years, or Ն38.3°C for children 0.5 to Յ2 years), shortness of breath, cough, chest pain, abnormal white blood cell count (Ͼ15,000/L or Ͻ5000/L), or physical signs of pneumonia on examination (eg, rales on auscultation, dullness to percussion, egophony).
Children were not eligible to participate if they received systemic antibiotics for more than 24 hours immediately before enrollment, required a systemic antibiotic other than the study drugs, or had a suspected infection with microorganisms known to be resistant to the study drugs. Other exclusion criteria included hospitalization or residence in a long-term care facility for 14 or more days before the onset of symptoms; infection acquired in a hospital (Ͼ48 hours after hospital admission and Ͻ7 days after hospital discharge); signs and symptoms of a bacterial infection of the central nervous system; history or presence of arthropathy or periarticular disease or any other musculoskeletal signs or symptoms that in the opinion of the investigator may have confounded a future safety evaluation of musculoskeletal complaints. Study Procedure. Eligible children were randomized to receive either levofloxacin or a comparator antibiotic. The target duration for receiving study drug was 10 days. Levofloxacin and comparators were given either orally or by intravenous (iv) administration. The randomization was stratified by age group and country to ensure balance between treatment groups. The patients were randomized in a 3:1 levofloxacin:comparator ratio within 14 strata in the study (1 for the 2 age groups within each country). The antibiotics, dosages, and dosing regimens differed by age group because of age-specific differences in the microbiologic etiology of pneumonia and drug clearance, as well as the requirement that comparators be FDA-approved for the treatment of CAP.
Patients were allowed to switch between oral and iv therapy options within treatment arms.
For Group I (Ն6 months to Ͻ5 years), levofloxacin was administered (a) 10 mg/kg/dose as oral suspension bid (up to 500 mg/d) or (b) 10 mg/kg/dose iv q 12 hours (up to 500 mg/d). The comparator administration was (a) amoxicillin and clavulanic acid (7:1) oral suspension bid, with dose determined by calculating amoxicillin 22.5 mg/kg/dose (up to 875 mg/d), or (b) ceftriaxone 25 mg/kg/dose iv q 12 hours (up to 4 g/d).
For Group II (Ն5 to 16 years), levofloxacin was administered (a) as 10 mg/kg/dose as oral suspension qd (up to 500 mg/d), (b) as one 250 mg tablet qd (for children weighing 22.5-27.5 kg) or 2 250 mg tablets qd (for children weighing Ͼ45.5 kg), or (c) 10 mg/kg/dose iv q 24 hours (up to 500 mg/d). The comparator administration was (a) clarithromycin 7.5 mg/kg/dose as oral suspension (or as a 250 mg tablet) bid (up to 250 mg bid), clarithromycin 250 mg oral tablet bid, or (b) ceftriaxone 25 mg/kg/dose iv q 12 hours (up to 4 g/d), with either erythromycin lactobionate 10 mg/kg/dose iv q 6 hours (up to 4 g/24 hours) or clarithromycin 7.5 mg/kg/dose as oral suspension (or as a 250 mg tablet) bid (up to 250 mg bid).
Children were evaluated at 3-5 days into therapy at the on-therapy visit (OTV), 1-3 days after completing therapy at the post-therapy visit (PTV), and at the test-of-cure visit (TOCV) that occurred 10 -17 days after the last dose of study drug. At TOCV the investigator determined the clinical response to therapy by comparing the patient's clinical signs and symptoms and findings of the chest roentgenogram at this visit to those observed at admission. An observer blinded to study drug assignment read the chest roentgenogram.
Any patient presenting with arthralgia or clinical evidence of arthropathy from day 1 through the final visit was evaluated within 72 hours of presentation by an investigator trained in evaluation of joint pathology or in consultation with a specialist (rheumatologist or orthopedic surgeon). A follow-up telephone contact was also performed 25-35 days after the last dose of study drug for adverse events assessment. Efficacy Evaluation. Clinical symptoms of CAP were assessed by the investigator as present or absent at screening, OTV, PTV, and TOCV. The primary endpoint was the clinical cure rate (cured versus not cured) at TOCV based on resolution of the clinical signs and symptoms of pneumonia and radiologic findings reported at admission, with additional analyses by age group, prestudy antimicrobial usage, and risk for severe disease. Clinical response was categorized as cured, improved, clinical failure, relapse ͓at TOCV only͔, or unable to evaluate. The response definitions at TOCV were as follows: (1) cured: resolution of signs and symptoms associated with active infection along with an improvement or lack of progression of abnormal findings of chest roentgenogram; (2) improved: continued incomplete resolution of signs and symptoms with no deterioration or relapse after PTV and no requirement for additional antimicrobial therapy; (3) clinical relapse: resolution or improvement of signs and symptoms at PTV evaluation with reappearance or deterioration of signs and symptoms of infection at TOCV; (4) failure: patient was considered a clinical failure at PTV, response was carried forward to 6 This modification included addition of trisomy 21 to clinical conditions associated with risk as well as criteria related to vital signs that were defined by age categories (Fig.  2) . Criteria for abnormalities of vital signs by age were adapted from published values. 7 This modified assessment tool has not been validated for use in children but was used in this trial to explore its potential for identifying those children at highest risk for severe disease.
A patient was evaluable for clinical efficacy unless categorized into 1 of the following: not evaluable for safety; no confirmed clinical diagnosis of CAP; did not take the study drug for at least 5 days (except if patient took study drug for greater than 48 hours but for fewer than 5 days because patient judged a clinical failure by the investigator); took an effective, nonstudy drug systemic antimicrobial between study enrollment and TOCV culture (except if patient took an effective systemic antimicrobial therapy because patient had been judged a clinical failure by the investigator); TOCV clinical evaluation not completed 7-21 days after the last dose of study drug (except if patient discontinued because of clinical failure or was considered a clinical failure upon the completion of therapy and TOCV evaluation was obtained before 7 days after therapy); lost to follow-up but relayed safety information (no TOCV evaluation); or protocol violations that warranted exclusion from analysis. Patients who received the incorrect study drug dose or incorrect study drug were excluded from all efficacy analyses at all visits.
Microbiologic response was determined at PTV and TOCV. The microbiologically evaluable analysis set included all the children who were evaluable for microbiologic efficacy. Microbiologic response to treatment was evaluated in terms of both pathogen and infection eradication rates and was based on the fate of the original pathogen(s). Sputum was obtained from co-operative children and these specimens were considered to be reflective of lower respiratory disease if microscopic analysis of a Gram-stained specimen demonstrated inflammatory cells (Ͼ25 PMN/hpf) and few (Ͻ5 cell/hpf) epithelial cells. In some young children, respiratory specimens were obtained by suctioning secretions from the trachea, using a sterile catheter passed through the nasopharynx. These specimens were not considered to reflect lower respiratory tract disease and because interpretation of isolates recovered by this technique as specimens causing pneumonia can be difficult, if not impossible, microbiologic diagnosis of these children was identified separate from those children in whom sputum was obtained. Sputum samples were sent to the local laboratories for culture of pathogens. Susceptibility to levofloxacin and the comparators was initially evaluated at the local microbiology laboratories using disk zones, and then all pathogens isolated were preserved and sent to a central laboratory (Covance Central Laboratory Services, Indianapolis IN) for minimum inhibitory concentration (MIC) testing using a broth microdilution technique. The disk zone results were used in the analyses only when MIC results were unavailable. All susceptibility testing was performed in accordance with Clinical and Laboratory Standards Institute (CLSI) methods. Organisms with a MIC of Յ2 g/mL were considered susceptible to levofloxacin; organisms with a MIC of 4 g/mL were considered to have intermediate susceptibility to levofloxacin; and organisms with a MIC Ն8 g/mL were considered resistant to levofloxacin.
Microbiologic response definitions were as follows: (1) eradicated: absence of the admission pathogen at evaluation; (2) presumed eradicated: presumed absence of admission pathogen as a result of substantial improvement of infection so that no material for culture was available; (3) persisted: presence of the admission pathogen in the culture; (4) presumed persisted: presumed presence of the admission pathogen for children with clinical failure for whom no culture was taken or for whom the culture was taken while the patient was receiving study antibiotics; (5) persisted with acquisition of resistance: presence of admission pathogen in the culture with documented acquisition of resistance; (6) microbiologic relapse ͓at TOCV only͔: reappearance of an organism identical to that isolated at admission; and (7) unknown: no culture results available because of patient being lost to follow-up.
Diagnosis of infection caused by Chlamydophila pneumoniae or M. pneumoniae was made on the basis of the serologic criteria in children with compatible clinical and radiologic findings. Serum was tested for acute and convalescent antibody titer, and the criteria were 1 or more of the following: (a) single microimmunofluorescence IgM titer Ն1:32 for C. pneumoniae or single IgM ELISA titer Ն1:16 for M. pneumoniae, or a 4-fold increase or decrease in IgM titer between the acute and convalescent serology; or (b) single microimmunofluorescence IgG titer Ͼ1:512 for C. pneumoniae or single IgG ELISA titer Ն1:128 for M. pneumoniae, or a 4-fold increase in IgG titer between the acute and the convalescent serology. Safety Evaluation. Parents and study personnel were not blinded to study drug assignment. Some investigators chose to remain blinded to study drug, but this was not required per protocol. Children who received at least 1 dose of study medication and provided safety information were included in the safety analysis. Safety was evaluated by monitoring treatment-emergent adverse events and changes from baseline in clinical laboratory values, vital sign measurements, and weight and physical examination findings. The investigator recorded the severity of an adverse event (mild, moderate, or marked), action taken (none, dose reduced, drug stopped temporarily, drug stopped permanently), and relationship of an adverse event to the study drug (not related, doubtful, possible, probable, very likely). Musculoskeletal adverse events were recorded and evaluated throughout the study, including events reported by the patient and/or parent or from musculoskeletal evaluations by the investigator or specialist from the time of first study related procedure through the final visit. Patients were instructed to be evaluated by the investigator within 72 hours of onset of symptoms or signs of a musculoskeletal disorder. A DSMC reviewed the musculoskeletal and serious adverse event safety data on an ongoing basis. Any musculoskeletal or serious adverse ab-normalities persisting at the end of the study were followed until resolution. Statistical Methods. The sample size was calculated to determine whether levofloxacin is noninferior to standard of care therapy. With a cure rate of 90% in each treatment arm, and an estimated clinical evaluability rate of 78%, approximately 650 total children (487 levofloxacin, 163 standard of care therapy) were to be enrolled in the study to achieve 380 clinically evaluable levofloxacin children and 127 clinically evaluable comparator children and allow up to 10% difference in cure rates between groups to be detected with 90% power. A 2-sided 95% confidence interval (CI) for the difference in clinical cure rates between the 2 treatment groups (comparator minus levofloxacin) was performed to assess therapeutic noninferiority between levofloxacin and comparator regimens. To establish noninferiority of levofloxacin compared with standard therapy, it was stipulated that the upper bound of the 95% CI around the difference in cure rates between groups remain below a noninferiority margin of 10%.
The efficacy analyses were performed on the clinical cure rate at TOCV, with additional analyses by the 2 age groups (Ͻ5 years, Ն5 years) and risk for severe disease (low versus high). The clinically evaluable analysis set was the primary population and included all children who were randomized, had a confirmed diagnosis of CAP, and were evaluable for clinical efficacy according to predetermined criteria (see Efficacy evaluation). Additional analysis was performed on the modified intent-to-treat (MITT) population, which included all children who were randomized, took at least 1 dose of study drug, and had a confirmed diagnosis of CAP. Clinical and microbiologic responses were summarized by age group at PTV and TOCV.
RESULTS
Patients. There were 738 children enrolled in the study, of whom 728 were randomized: 546 to the levofloxacin group and 182 to the comparator group. The demographics and baseline characteristics of the 709 children who received at least 1 dose of the study drug and had a confirmed diagnosis of CAP (MITT population) are shown in Table 1 .
There were no clinically relevant differences between treatment groups in any demographic or baseline characteristic. Children ranged in age from 0.5 to 16.7 years, and an equal percentage of children (50%) were male and female as randomized to each age group (Ͻ5 years, Ն5 years). There were no differences between treatment groups in the incidence of prestudy systemic antimicrobial therapy use: 142 (27%) levofloxacin-treated children and 51 (28%) comparator-treated. The most commonly used systemic prestudy antimicrobials, ampicillin and ceftriaxone sodium, were used by 6% of children in both treatment groups. Only 4 (1%) levofloxacin-treated children and 1 (1%) comparator-treated patient received systemic antibacterials during study drug therapy, and these children were excluded from the efficacy analysis (Fig. 1) . Most children completed at least 10 days of their assigned treatment (85% in the levofloxacin group and 83% in the comparator group). The average durations of therapy for the levofloxacin and comparator groups were 10.5 and 10.4 days, respectively. All but 8% of levofloxacin-treated and 9% of comparator-treated children received between 7 and 14 days of therapy.
The flow of children through the study at each visit and reasons for exclusion from efficacy analysis is shown in Figure 1 . At TOCV, 539 (74%) children were clinically evaluable; primary reasons for clinical nonevaluability included insufficient or incorrect course of therapy, or inappropriate clinical evaluation. In this study designed to assess the clinical efficacy of levofloxacin, most of the children (64%) were not microbiologically evaluable at TOCV as they did not have a proven microbiologic infection at admission. Clinical Response. Clinical cure rates at TOCV are summarized for the clinically evaluable children and MITT population by age group and risk for severe disease ( Table 2 ). The cure rates for children in the levofloxacin and comparator groups were similar in both the clinical evaluable and MITT populations. For the primary endpoint of clinical cure rate in the clinically evaluable population, the rate in the levofloxacin group (94.3%) was similar to that in the comparator group (94.0%). Subgroup analyses of children younger and older than 5 years and children at high and low risk for severe infection ( Table 2 ) also demonstrated that cure rates were similar for levofloxacin-treated and comparator-treated children.
An estimate of severity of pneumonia was made using a modification of a scoring system that has not been validated in children (Fig. 2) . The rate of hospitalization was higher in children assessed to be at high risk for severe infection compared with those assessed as low risk patients (65% versus 31%, respectively). There was a trend for children at "low risk" (levofloxacin, 96.1%; comparator, 95.3%) for severe disease to have higher cure rates at TOCV compared with children at "high risk" (levofloxacin, 92.3%; comparator, 92.5%). The cure rates for levofloxacin-and comparatortreated children by risk strata were also similar and met criteria for demonstrating noninferiority between levofloxacin and comparator groups. Children who were failing or assessed to be slowly responding to systemic antibiotics at the point that they were being considered for entry into the trial were excluded from the trial.
Therefore, levofloxacin and comparator regimens were not assessed as therapy for children who were deteriorating after receiving first-line treatments. However, brief (Ͻ24 hours) treatment with systemic antimicrobials before enrolment in the study was allowed. The potential for this brief treatment to influence the outcomes in this trial was assessed by evaluating children who received this therapy and those who received no therapy before study entry. In children who took prestudy antimicrobials, the clinical cure rate at TOCV for the clinically evaluable children was 95.6% in the levofloxacin group and 93.1% in the comparator group. In children who did not receive any antimi- 
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crobials immediately before the first dose of study drug, the clinical cure rate was 94.0% in the levofloxacin group and 94.3% in the comparator group.
In an analysis of the success rate (cured or improved) at the PTV, children in the levofloxacin-treated and comparatortreated groups also had similar clinical success rates (92.7% versus 93.9%) in the clinically evaluable population.
Four children were considered clinical failures at both PTV and TOCV (0.7% ͓3 children͔ in levofloxacin and 0.7% ͓1 child͔ in the comparator group). Pathogens were not identified at screening for any of these children.
Cure of pneumonia required improvement or lack of progression of radiographic abnormalities as well as resolution of clinical findings supporting the diagnosis of pneumonia. Resolution of these specific abnormalities was analyzed by treatment group. Resolution of abnormal chest radiograph findings were comparable at the TOCV in the levofloxacin-treated (70%; 276 of 392) and comparatortreated (65%; 84 of 129) groups. As evident by the rate of resolution of symptoms at the PTV, cough tended to be the slowest symptom to resolve. The percent of children noted to have resolution of cough was lower (72% levofloxacin; 66% comparator) than the percent with resolution for other symptoms (fever, shortness of breath, chest pain, abnormal WBC ͓all Ն88%͔) at the PTV. Microbiologic Response. The microorganisms commonly considered important respiratory pathogens in children and identified as causing pneumonia in this trial in children who were clinically evaluable at TOCV are shown in Table 3 . The majority of identified infections were caused by M. pneumoniae in children older and younger than 5 years. S. pneumoniae was the second most frequently identified cause of pneumonia in this trial and was identified in blood in 11 children and in sputum in 10 children (Table 4) . Eight infants had pneumococci isolated only from nasopharyngeal (n ϭ 5) or oropharyngeal aspiration of respiratory tract secretions. Although these children are identified as having S. pneumoniae isolated from a specimen obtained upon admission to the study, it is not clear that the cause of these children's pneumonia was pneumococci. One child in the comparator group had pneumococci isolated from both blood and a nasopharyngeal aspirate, and therefore was considered to have documented pneumococcal infection. In addition, 2 levofloxacin-treated children who underwent thoracentesis (1 and 4 days after starting therapy) had S. pneumoniae isolated from pleural fluid. Both were assessed to be clinical cured at the TOCV. Because neither child had S. pneumoniae isolated from blood or sputum upon admission, they were not included in analysis of outcome for patients with pneumococcal pneumonia diagnosis on admission.
Microbiologic eradication or presumed eradication at the TOCV occurred in 96.5% (138 of 143) levofloxacintreated and 95.7% (45 of 47) comparator-treated children (difference, 0.8%; 95% CI: Ϫ7.3-5.7%). These eradication rates were largely reflective of clinical outcome because most of the children assessed at the TOCV with an identified pathogen were considered to be infected with M. pneumoniae and successful eradication of this pathogen was based on clinical improvement.
Outcome of children identified as having S. pneumoniae isolated on admission cultures is shown in Table 4 . Of the 17 levofloxacin-treated children clinically evaluated at TOCV, including 5 with bacteremia, all but 2 were assessed to be clinical cures, and all but 1 were assessed to have microbiologic eradication. A 6-month-old boy with entry nasopharyngeal cultures positive for pneumococcus and a chest roentgenogram demonstrating a right upper lobe and left lower lobe infiltrate was diagnosed as having bronchiolitis several days after completing levofloxacin therapy. He was categorized as having a relapse of a lower respiratory ‡ Two-sided 95% confidence interval (CI) around the difference in the % clinical cure rates using normal approximation to binomial probability without continuity correction. Upper confidence limit of Ͻ10 indicates that levofloxacin is non-inferior to comparator, defined as Ͻ10% difference. Numbers in parenthesis represent percentages.
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Study of Levofloxacin tract infection. Although no respiratory secretions were obtained for culture at the time relapse with bronchiolitis, the child was presumed to have microbiologic persistence of a pneumococcal infection by the physician caring for the boy. A 1.2-year-old girl who had pneumococci isolated from an oral pharyngeal aspirate, had a right middle lobe infiltrate on x-ray examination or on admission. She was assessed to have clinical improvement, not cure, and presumed microbiologic eradication at the TOCV. No infiltrates were evident on chest roentgenogram at the TOCV. In addition, 5 levofloxacintreated children were identified as having S. pneumoniae isolated from a specimen obtained upon admission, but were not clinically evaluated at the TOCV. A 1-year-old diagnosed with pneumococcal pneumonia by sputum culture was assessed as cured at the PTV. A 9.6-year-old (positive sputum culture) and an 1.2 years old with pneumonia and pneumococcal bacteremia were not evaluated at the PTV. Two children who had pneumococci isolated from nasopharyngeal isolates were assessed as improved at the PTV. Of the 5 comparator-treated children identified as being infected with S. pneumoniae and clinically evaluated at TOCV, 4 were assessed to be clinical cures and to have microbiologic eradication; 1 child (6 month old with pneumonia and pneumococcal bacteremia) was assessed as improved with microbiologic eradication. One comparator-treated 6-year-old child with pneumonia and pneumococcal bacteremia was not evaluable at either the PTV or TOCV. The levofloxacin MICs of all Haemophilus influenzae isolates were Յ0.03 g/mL (range, 0.015-0.03 g/mL). The levofloxacin MICs for all S. pneumoniae isolates were Յ2 g/mL (range, 0.5-2 g/mL). Table 4 for details. ‡ Includes 1 infant who had a blood taken for culture and a sputum collected through nasopharyngeal aspiration. † Repeat blood culture performed at the On-Therapy Visit. ‡ The sputum culture in this infant was collected through nasopharyngeal aspiration with a sterile catheter. Direct observation with a laryngoscope was not employed. § The sputum culture in this infant was collected via suction. After thoracic percussion, the examiner waited until the child coughed, and took a suction sample.
UTE indicates unable to evaluate.
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Safety. Of the 712 children evaluable for safety, 275 (52%) levofloxacin-treated children and 94 (53%) comparatortreated children experienced 1 or more adverse events up to TOCV. A summary of adverse events occurring in at least 5% of children in a treatment group up to TOCV is summarized in Table 5 . Diarrhea was the most frequent adverse event. Most adverse events were mild or moderate in severity. Seventeen children had 23 adverse events of marked severity. Most of the severe events were considered doubtfully related or not related to study drug. Twenty-five children experienced musculoskeletal adverse events. The overall frequency of these events was comparable in the levofloxacin (19 of 533; 4%) and comparator groups (6 of 179; 3%). The most frequent musculoskeletal adverse events reported were arthralgia and myalgia. Arthralgia was reported in 9 (2%) levofloxacin-treated children and 1 (1%) comparator-treated child. Myalgia was reported in 10 (2%) levofloxacin-treated and 4 (2%) comparator-treated children.
To be more precise in assessing events that could correlate with the cartilage toxicity observed in juvenile laboratory animals, events were characterized by the DSMC to be 1 of 4 disorders (arthralgia, arthritis, tendinopathy, or gait abnormality). These disorders were identified in 10 (2%) levofloxacin-treated and 2 (1%) comparator-treated children. Disorders characterized as arthralgia, tendinopathy, or arthritis occurred in 9, 1, and 1 levofloxacin-treated children, and in 1, 1, and 0 comparator-treated children, respectively. Differences between treatment groups were not statistically significant for any of the disorders.
Serious adverse events were reported in 33 (6%) children in the levofloxacin group and 8 (4%) children in the comparator group. Most of the serious events were respiratory disorders (13 ͓2%͔ levofloxacin and 4 ͓2%͔ comparator, with asthma and pneumonia accounting for most in both groups), or condition aggravated (9 ͓2%͔ levofloxacin and 2 ͓1%͔ comparator). The investigator considered the relationship to study therapy as doubtfully related or not related to study drug in 31 children (6%) in the levofloxacin group, and in 7 children (4%) in the comparator group. The relationship to study therapy was assessed as possible in 1 comparatortreated patient (hepatomegaly), and probable or very likely in 3 levofloxacin-treated patients (hepatitis, rash, aggravated pneumonia). The patient with hepatitis had elevated liver function tests and hepatomegaly at baseline, and the persistence of this baseline elevation and of hepatomegaly was the basis for the physician caring for the child to assess the relationship of drug as being possible. Two serious adverse events in levofloxacin-treated children resulted in fatal outcomes. One death occurred after 3 days of levofloxacin treatment during a bronchoscopy procedure being done to rule out tuberculosis, and 1 death occurred 3 weeks after completion of levofloxacin treatment when the patient developed severe bronchospasm; neither death was considered related to levofloxacin by the investigator.
Adverse events leading to treatment discontinuation occurred in 12 (2%) levofloxacin-treated and 2 (1%) comparator-treated children. No single type of treatment-limiting adverse event occurred in more than 1% of children. In the levofloxacin group, the most frequent category of adverse events that were treatment-limiting involved the gastrointestinal system (1%).
There were no differences in the incidence of treatment-emergent markedly abnormal laboratory values between the treatment groups. Given the potential effects of levofloxacin on the musculoskeletal system, abnormal alkaline phosphatase values in 2 children were considered to be clinically relevant. Two children in the levofloxacin group (1.7-year-old girl and 2.3-year-old girl) were noted to have increases in alkaline phosphatase; as the increases did not seem to be caused by either liver or bone disease, these events were possibly the result of transient hyperphosphatemia in infants.
DISCUSSION
The results of this large trial demonstrate that levofloxacin is not inferior to standard-of-care therapy for the treatment of infants and children diagnosed as having CAP. Levofloxacin given at a dose of 10 mg/kg twice-a-day for children younger than 5 years and once-a-day for children older than 5 years for 10 days was tolerated as well as comparators and appeared to result in clinical cure rates that were similar to FDA-approved therapies for pneumonia in children. These findings were consistent in hospitalized and nonhospitalized children, and the results of this trial are consistent with those of clinical trials assessing the efficacy of levofloxacin in adults. 8 Clinical cure in levofloxacin-treated children exceeded 90% at TOCV. These rates are comparable to those measured in the comparator group and to rates reported in adult trials of CAP. Furthermore, these rates are similar to those reported in a smaller trial (n ϭ 296) that compared the efficacy of amoxicillin/clavulanate, azithromycin, and erythromycin as treatment of children with pneumonia. 9 In this trial, the cure rates in children younger than 5 years were 89.5% for amoxicillin/clavulanate and 86.5% for azithromycin based on the FDA's analysis of the intent-to-treat population. Corresponding rates in children older than 5 years were 95.6% and 92.9% for azithromycin and erythromycin, respectively.
The results of this trial are based largely on clinical findings, as are the results of nearly all large comparative clinical trials involving children with CAP. A viral cause of pneumonia was not assessed in most of the children enrolled. The paucity of bacteria isolates (eg, S. pneumoniae, H. influenzae, S. aureus) obtained in this trial is not unexpected, given the difficulty in establishing an accurate bacterial etiology of CAP in children and infants without more invasive techniques. The reliance on sputum and blood cultures is likely to have resulted in an underestimation of the number of children in this trial who had these bacterial infections, whereas the inclusion of nasopharyngeal and oropharyngeal cultures may result in an overestimation. Recent work suggests that performance of DNA amplification on specimens may be more sensitive in detecting bacterial causes of pneumonia than reliance on blood or sputum culture in children; given the clinical presentation of children enrolled in the trial, it is possible that more episodes of documented bacterial infection would have been identified if these methods had been used. 10 The clinical trial experience reported here reflects a difficulty in establishing a microbiologic diagnosis of CAP in children that is similar to the experience in clinical practice. Given the potential for inappropriate use of antibiotics in children with viral lower respiratory tract infection as well as the potential for this use to impact on antibacterial drug resistance among respiratory bacterial pathogens, it is critical to consider microbiologic diagnosis in making decisions to use antibiotics in treating children with CAP, especially in children with mild disease.
The results of serologic testing in this trial underscored the importance of mycoplasma as a cause of CAP in children. Increasingly in recent years, M. pneumoniae has been recognized as a frequent cause of CAP in infants and young children. Mycoplasma are widely considered to be a leading, if not the most important, cause of CAP in children Ͼ5-yearold. 10, 11 Although mycoplasma are also widely considered to be a less important cause of CAP in children younger than 5 years, most experiences have suggested these pathogens are important cause of CAP even in this younger age group. 12, 13 It has been suggested that most of these infections will eventually resolve without complication. However, M. pneumoniae has been documented to cause bronchopneumonia, parapneumonic effusions and necrotizing pneumonitis.
14 Symptomatic infections are most often treated in children with macrolides. 15, 16 Of note, children younger than 5 years in the comparator group received amoxicillin/clavulanate orally or ceftriaxone parenterally, neither of which is felt to provide adequate therapy for mycoplasma. Because rates of cure between comparator-treated children (83% of 18 documented mycoplasma infections) and levofloxacin-treated children (89% of 66 documented mycoplasma infections) were not statistically different, one can question the actual clinical benefit provided by antibiotic therapy that has no in vitro activity against mycoplasma. These infections may have high rate of spontaneous resolution, especially in young children.
Criteria for identification of children at risk for severe pneumonia or who are most likely to benefit from hospitalization have not been defined. In this trial, an attempt to modify established criteria currently used in adults for use in children was made and these criteria were used in analysis of cure rates. Nearly 50% of children enrolled in the trial met our criteria for high risk of severe infection based on a newly created modification of the Fine criteria. Analyses of cure rates based on the risk for severe infection suggest that children meeting criteria of low risk trended to have higher cure rates and to be less frequently hospitalized, and may also have higher rates of spontaneous resolution of infection. Although this observation does not establish the modified criteria as a valid method for identification of risk, it suggests that this, or a similar modification of criteria, could prove valuable in characterizing children enrolled in CAP trials.
The safety profile defined in children in this study is similar to that defined in clinical trials involving adults and to that reported for other nonfluoroquinolone antibiotics in pediatric CAP trials. The low-rate (2%) of treatment-limiting adverse events indicates that levofloxacin is well tolerated by infants and children. Adverse event rates related to the musculoskeletal system are consistent with the rate and type of events expected to occur in otherwise healthy children. None of the observed events was considered to indicate toxicity associated with the lesions in cartilage. This occurred despite the potential for over-reporting of joint disorders by unblinded parents and investigators.
The majority of patients in this study subsequently enrolled in a companion study that had the objective of specifically assessing the incidence of set of 4 musculoskeletal disorders (defined as arthralgia, arthritis, tendinopathy and gait abnormality) that occur after initiating levofloxacin or nonfluoroquinolone therapy for acute infectious diseases in children. The results of this long-term companion study, which also included the experience of children who had participated in trials assessing levofloxacin as a treatment for acute otitis media, 17 were recently reported and indicated that the incidence of having 1 or more of these 4 musculoskeletal disorders within approximately 60 days of starting therapy was higher in levofloxacin-treated children compared with those treated with nonfluoroquinolone agents. 18 Abnormalities demonstrating lesions in cartilage were not demonstrated in the 5 levofloxacin-treated children who underwent MRI or CT evaluation of their disorder. No long-term joint abnormality or growth impairment associated with study drug exposure was evident based on the observation that the disorders identified had all resolved and that there were no differences between treatment groups based on analyses of growth curves constructed over the year after treatment. Because the children evaluated in this long-term study had participated in open-label trials, both parents and investigators may have been aware of study drug assignments. Nonetheless, it is anticipated that the final results of this large, long-term surveillance trial as well as the analyses of data collected prospectively on overall safety of levofloxacin as part of trials involving children with pneumonia and otitis media will be important in establishing the risk of using levofloxacin in children.
The results of this study demonstrate the effectiveness of levofloxacin in terms of its noninferiority in relation to standard-of-care therapy (amoxicillin/clavulanate, ceftriaxone, clarithromycin, erythromycin lactobionate) for the treatment of CAP in infants and children. Levofloxacin administered 10 mg/kg/d as a single dose in children Ն5 years and 20
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Study of Levofloxacin mg/kg/d in 2 divided doses in children Ͻ5years of age (up to 500 mg/d) for 10 days was well tolerated.
